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Impedance feedback monitor for electroeurgical instrument 



(S7) Animpeoar«aiT^onngd 

*ncni*oring the electrical impedance ot : - tissue as * » 

modal of tissue rnpadance and a number of total im- 
pedance readings, the impedance at ftftich tissue treat- 
ment a completed is predicted More parlioilarV, a mk>- 
wnum mpedence level is measured and a function of ihe 
minimum impedance is used to determr* rnpedance at 



which coagulation rs completed. A control devtoe is pro- 
vided tor bringing the output of the generator with* an 
optima range based on a system load curve. In one 
embbdirrtent the impedance mcwitc^ dev*e is used 
in conjunction with a bipolar etactrcaurgicai instrument. 
Preferably; the instrument comprises elecmcaty oppo- 
se electrodes located on one or more tissue engaging 
surfaces for encaging tissue to be treated 
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Description 



Summary of the Invention 



Fjggd of ths invention 

This invention relates to electrosur gjcal tissue treat* 
mont, and in particular, to a method and apparatus lor 
controlling the elect rosurgjcal treatment of tissue by 
measuring impedance of the tissue being treated by an 
electrosurgicat device 

i 

Background of the Invention 

Elect rceurgicaJ generators are used to deliver ther- 
apeutic electrical energy to surgca! instruments. These 
instruments are used for example, for cutting, coagula- 
tion, tissue welding, ablation, and dissection. Both mo- 
nopolar and bipolar generators typically supply etecti©- 
surgcal energy m the radio frequency 'RF) range to such 
Tistruments Usually such generators include controls 
that regulate the voltage anoVor current so that a select 
power level is approxi ma tely delivered and a maximum 
power level is not exceeded. 

When such RF generators are used, the pnmary 
control is the experience of the surgeon who responds 
to what is observed to be ha ppening to the tissue as it is 
treated with the RF energy. Often, particularly for endo- 
scope procedures, surgeons cannot reackry see what ts 
happening to the tissue! Also, the change in tissue prop- 
erties due to the RF energy may occur socrucWy *o as 
not to afford time for the surgeon to react soon enough 
to turn off electrical energy to the instrument As a result, 
some problems which may occur incejde tissue charring, 
sticking of tissue to the electrodes of the surgical instru- 
ment, and over or under treatment of tissue. 

It has been recognized that the tissue impedance 
changes as Pf energy Is applied to the tissue. Attempts 
have been made to control the power delivered to the 
tissue as t>e tissue impe da nce changes. For example, 
current has baan controlled based on the change in the 
voltage or the power detrvered by the generator to tissue 
The differential quotient of tissue impedance as RF pow- 
er Is applied to the tissue has been used to determine 
en initial power level end to switch oft RF p ower when 
the differential quotient of impedance reaches a preset 



Notwithstanding these control enhancements, there 
is a continuing need tor improvement in the control of 
etectrosurgical energy deliverance to the tissue end** 
determination of when tissue treatment has reached an 
optimal level. 

In particular there is a need to provide a devics and 
method for determining the end point of coagulation tor 
a variety or a range of tissue impedance. oVe to. e.g.. 
veryvtg tissue cc<npoeitton. tissue types and treated tis- 
sue areas andtor votomes. 

The present invention relates to a device and meth- 
od of the type described *> EP-A-O 640 317. 



The present nvention provides an impedance i. 
ttoring device and/or method which monitors theimped- 

5 ance ol tissue between poles of a therapeutic elecuoeur- 
gical instrument. Based on a model of expected tissue 
impedance behavior over time with the detrverance of 
etectrosurgical energy; the monitored tissue impedance 
is used to determine tissue status. This win be described 

to in more detail betow A signal Indicating status of tissue 
is provided ether to a user or to an rnelnjment cont/oter 
The device may also include a switch which automati- 
cally turns off the electrical energy when treatment is 

is in accordance with the pro^mci invention, a tissue 
impedance monitor is provided which continuously 
measures tissue impedance as electrical energy is de- 
Hvered to tissue. A c c o tcfcn g to known tissue impedance 
rricxlek.UssuesTpeo^nceintJ^ 
20 ergy is applied and then begins to rise again as coagu- 
lation occurs. The present invention provides tor estab- 
lishing a vajue for the minimum impedance, ie.. when 
the impedance is at to towest vakie as the energy is ap- 
plied. The* the rrftos^ence^vaaje anticipated to provide 
» the deexett tissue effect is c*etorrr*Jtod by calcu^ 
selected function of the established mmrmum imped- 
ance When the measured irnpeofcnce risee to tr%e level 
of the impedance value for the desired result, ag., co- 
agulation, tissue wetdtog or a level of dfawhermy. the in- 
30 strument wW indicate or provide a response for such 
event. The present invention is preferably adapted so 
that the condtton ie detected for a range of expected t»- 
sue impedances which varies according to tissue type, 
area ancVor volume. 
os in a preferred e rnboo lmentthe desired ilssv* condi- 
tion is where coaptation is co mplet ed. When this point 
has been reached a feedba ck signal is provided to a con- 
trol unit or to the user, at which time me energy supply 
is switched oft. The feedback signal may. for example. 
40 provide a visual, eudrbteor tactile signal to a user. anoVor 
may provide instnjctions to a control unft to atitomatcaly 
rum off energy supplied to the bssue. 

Optionally, the device may ateo include a switch, 
adapted to turn off electrical energy when a short circuit 
4S condition is detected, when an open circuit corxttton is 
detected or when the device is on, Le.. supplying current 
or voltage tor a preset rnaxrmum amount of time. 

!n accordance wth one aspect of the present rwen 
lion, an etectrosurgical apparatus for coagulating tissus 
so during a surgical procedure comprises an end ellector 
with opposing interfacing surfaces which may bs ctoeed 
towards each other to engage tissue to be electrceurg)- 
caHy treated. Preferably the end effector fectodes first 
and second elements movable rotative to one another 
ss tor engaging tissue to be coagulated riwebetween At 
least one of the electrical poles of the instrument is com- 
pneedolanetectrooeasecoatodwiChal 

Tn* " — 
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with the tissue to be coagulated. A power controller re- 
sponsive to a power control signal provides RF energy 
to the tissue contact** electrodes) of the first andtor 
second elements. 

Impedance measuring circuitry is coupled to the RF 
generator output and measures the impedance of the tis- 
sue between electrodes corresponding to the first and 
second poles. Feedback circuitry is coupled to the im- 
pedance measuring circuitry. The feedback circuitry in- 
cludes a first device for determritng a minimum imped- 
ance value end holding sad minimum impedance value. 
A second device provides a threshold determining circuit 
coupled to the first device. The threshold determining cir- 
cuit determines a threshold impedance value as a func- 
tion of me held minimum impedance value. 

the threshold determining circuit may comprise an 
analog device for determining the function of minimum 
• impedance or a digital circuit ricruding. for example, a 
look up table for determining the threshold impedance 
value based on an input minimum t impedance vakje. 

After ; .a threshold value has been detemwned. a first 
comparator compares the measured impedance value 
to thresnotd [impedance value and generates a power 
control signal to the power controller to control the RF 
energy deSyered to the tissue upon the condition ofthe 
measured vnpedance value exceeding the threshold *n- 
pedance value. 

A power controller may include at least one electrical- 
switch for selective* supplying RP en* 
ment to coagulate tissue positioned between the first and 
second e l ements. 

The power controSer may seiectrvery switch oft the 
power suppseoVto the tissue under a number of condi- 
tions. The controller may be used to switch off power 
when the measured impedance value exceeds the 
threshold impedance value, when an open circuit condi- 
tion or a shod circuit condition exists, or if voltage and 
current is supplied for a period of time exceeding a max- 
imum. 

Another aspect of the present invention provides a 
control device lor bringing the energy output of the gen- 
erator within an optimal range determr»ed by a system 
load curve. The control device uses measured toad im- 
pedance to determine the desired energy tovel output 
and compares the desired erwgy output to me actual 
energy detryered to a target including tissue- The control 
device takes the resulting comparison and controls the 
generator output eocorolngry. 

Although the instrument maybearr«nopoterdevice 
or a multipolar device including two or more than two 
poles, the end effector preferably includes two electrical- 
ly opposite electrodes corresponding to two electrically 



In the preferred bipolar device, electrically opposite 
electrodes of each of the poles are located on one or 
both of the opposing surfaces. Each of the first and sec- 
ond etoctncaay opposite poles comprises at least one tis- 
sue contact v*o elect ro d e . Tt>e elect r odes are erranoad 



on the distal end of the electfosurgjcal device so that 
when the first and second elements close together to en- 
gag* tissue, opposite electrodes are located between a 
portion of the engaged tissue. The impedance monitor - 

5 ingcvcullmcrrtorstheimpeoa^ 

the electrodes during the dafivery of RF energy through 
that tissue. As described above a minimum impedance 
is measured from which threshold impedance is calcu- 
lated. A comparator compares** measured rnpedance 

to values to the determined threshold impedance value and 
generates a cortrol signal to switch ofl the RF power de- 
livered to the tissue; upon the condrtion of measured im- 
pedance value exceedi n g the threshold impedance val- 
ue. 

ts In one preferred embodiment each c4 me electrodes 
corresponding to trie first pole are of set wsh respect to 
the intorfacw^ wiriace from each of the electrodes cor- 
responding to the second polo, to other words, trie elec- 
trodes are offset from each tfher so that they are not 
20 o^ametricaJy opposed from each other on interfacing 
surfaces or they are separated and insulated from each 
other on the same surface. 

In the preferred ^ ernbbduneni the electro in* 
strument compresses tissue « a compression zone be- 
2S tweeh the first inter! acmg surface endthe second inter- 
facing surface and applies electrical energy through the 
compression zone. More preferably, the compression 
zorto ls an a/M defined by a corr^ 
, of me sMertaong surfaces ^ 
so aga^ the rther imeifacs^ surfed 

addition, there may be a compression ridge on both in- 
terlacing surfaces. 

One emboolmer* includes a cuto 
ciated with an end effector. The cutung element is ar- 
3* ranged to cut tissue *otrM**caaqfi*a^*fo. Pref- 
erably, the coagulation is completed pnor to any me- 
chanical or other cutting at or around the .coaptation 
site. Once tissue is coagulated or cauterized, the cutung 
element may be used to cut thrwf^^ 
40 sue or rjetwean two zones of tissue coagutatton 

to another err^xaositeni the hemostatic devico is in- 
corporated into a fcnear cutter similar to a Isiear cutung 
mechanical stapler. In this e m boo%n en t the hemostatic 
device cc«npra^ two subeta^^ 
*s ed electrode bars when are associa t ed with one pole, 
and a slot lor cutting means to travel between the bars. 
Optionally one or more rows of staples may provide on 
each side of the slot and bars to provide adtftionalhe- 
mostasis. 

so In operation tissue is damped between two pwaof 
me instrument, and etectricai energy in the form of radto 
frequency CP 1 ^ 9 ) anergy is succeed to the compressed 
tissue to coagulate or cauterize blood vessels along the 
two substantia Ry paratol bars. Based on the imped ance 

55 modeling of the device with this epecUte electrode con- 
figuration, an appropriate function of the rrwisnum im- 
pedance is incorporated xrto the snpedance faeoback 

ctreutt to detamw>a an aooreoriHa i " — - 
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level A warning mechanism is used to «am the user 
when me impedance is out ql range or exceeds the 
threshold mpedaoce level. Ateo the warning signal may 
be directed to a control drey* or power controller adapt- 
ed to then provide an appropriate instrument response, 
including where appropriate to turn eft the RF energy de- 
livered to the tissue. 

In accordance with another aspect of me present in- 
vention a method of operating apparatus for electrosur- 
gicaiJy treating tissue during surgical procedure is pro- 
vided Accordingly, a preferred memod comprises me 
st eps or applying RF energy to tissue to be etectrosur- 
gieafly treated by mean* of an electrosurgical wetru- 
ment; measuring the s^pedance of me tissue b*we*n 
electrodes corresponding to two pole* of the elactrosu'' 
gicat instrument; generating the ^npedance signal rep- 
resentative of me impedance of the tissue; and control- 
ling me RF energy applied to the eiectroeurgical rstnJ- 
ment in response io the imi^oence signal 

The step of contfc^ the RF energy ***** to me 
electrosurgical instrirner* may cdmprisa the 
determining and holding minimum snpedance value; oe- 
t errwning a threshold iriipedance value baaed on a func- 
tion of the mwiimum inipedance value; cornpanng meas- 
ured impeoanc. values to me threshold impedance val- 
ue; and generating a control signal to control or switch 
off the power of the controller upon the condition of 
measured irnpedance value exceeolng the mreshoto sn- 
pedance value 

In accordance with yet another aspect of the present 
invention, a method of c*>eraimg an elec^ 
paratus tor coagulating t^ue. puring surgical proceoure 
comprises the step* of. providing an electrosyrgicaJ lav 
stnaW having an end effector comprising me first and 
eeeondtissueefigao^ 

and second tissue eng^^ swfacea including thereon 
a tissue contacting efecriode. associated wrth a first pole 
of an elearbaurgical system and ai leaet one of said first 
andeecondtissue engaging surfaces cdntams^^ 
a second tissue contacting electrode associated with a 
second pole of the system; engaging tissue to be coeg- 
utatedbetween me first and ssccrid tissue engeg*^ sur- 
faces selectively c«ntrott«g RF energy suppsed to me 
first and second tissue contacting electrodes tor coagu- 
lating tissue posiuoned therebetween; measuring the im- 
pedance of the treated tissue: determining and holding 
a minimum irripedanco value: determining a threshold 
impedance value based on a function of the mnroum 
impedance value; comparing measured impedance val- 
ues to the mreshoW irnpedehce value; and conU©»ing or 
•witching oft the RF energy connected to me first and 
second electrodes upon the condition c4 the measured 
impedance value exceecfing the threshold impedance 



Brief Description of the Drawings 



Fig, 1 is a side view of a bipolar endoscopic electro- 
surgical instrument operable in accordance with me 
s present invention; 

Fig, 2 is a partial croas-eectfonal view of the distal 
end of the instrument of Fig. 1 in an open position; 

Fig. 3 is a partial cioss-sedional view of the distal 
and of the instrument * Fig. 1 in a doseoV unfired 
position: 

Fig 4 is a partial cross sectional view of me distal 
is endofthemetrur^ 

Fig, 5 is a Iron! cross sectional view c4 me chetal end 
of the inslrurnent of Fig. 1 along me sne 5 5; 

20 Figs. 6£ represent a s c hemati c block ^9**™ 

microprocessor controlled irrs>edahce monitorinfl 
apparatus torcorrtiolingmeW by 
electrosurgical t>strument of Figure 1;" 



2$ 



Fig. 10 is a Scfierriatic btock caa^am^ol an analog 
emborJrnent of to controller tdr use m me appara- 
tus of Figure V. -..r.fi,** 



ue. 

Other objects and eoVantaoes of the invention wit 
apparent from mefoaowir^^^ me eccorrpany- 
mg drawings and the toiowing claims 



Flo, 11 to a logic o^gram of t^ 
u> isustratir^ccrtfof^^ 

Fig, 12 is a characteristic curve i^strating me 
change in siipedance over tirne during apptica^ 
C e^roeunjical energy io tissue using** electro- 
ns surgical instrument «ustrated in Figure 1. 

QyjbMled^eecxietfg Lgf gtt *"uentlon 

While me present swention is generally appecable 
40 toavar^ofeiectn^rgicalir^^ 
larar^muttipotar..^ 

ic, H wel be described herein w«h reference to a b*olar 
linear cutting instrument 

The primary purpose 61 *to rs^pedahce rnon««ing 
4S device s todetem*newhen the tieaue has been treated 
loadesiredc^P^^ 

ad when the tieaue has been cauleraed ar* be4c^ «- 
cesswe tissue s**ring. burning or 
imP adance of tissue as it is being heated wim electro- 
ns sTK^g^^ 

impadihee curve Accorolng to the 

oar^tf^eirhpec^ 

m^vaL.andth^ris.« 

iccation occurs. At an impedance or wans* a range^ot 
55 .tvedariceaonacruuacter^ 
predictably occur. 

FiguM 12 is a e«wiet«Wic i****** *»"J**' 
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the application of electrosurgcal energy using Iho elec- 
trosurgical instrument illustrated in Figs. 1-5. The 
present invention determine* a threshold impedance on 
the curve at which coagulation has occurred. 2 img9mi 46. 
This impedance ts based on the value ol the lowest im- 
pedance on the curve. 45. i a. when the impedance 
has stopped taUing and begins to rise. A function of the 
mirarnum impedance i(^nJ » used to approximately 
predrt a point at which coagulation occurs. 46 

Referring now to Fig. 10 there is illustrated a sche- 
mata block diagram of an analog embodiment of the m- 
pedance monitoring device of the present invention. The 
impedance monitoring device determines when coagu- 
lation is complete as wel as other instrument parame- 
ters, for example, it there is an open circuit, short circuit 
or it voltage and current is supplied to the tissue tor more 
than a predetermined maarimum amount of time. Such 
conditions may indicate a problem with the instrument 
and/or tissue engaged by Ihe instrument. For example, 
rf excessive, not enough, or ^appropriate tissue is en- 
gaged by the instrument 

The instrument 10 is positioned to engage tissue to 
be treated. Then, when appropriately positioned., RF en- 
ergy rs supplied to the tissue. 

A generator 70 supplies RF energy to the tissue en- 
gaged by the end effector' 15 of the instrument 10, Pref- 
erably, 30 to 200 volts RMS at a fundamental frequency, 
preferably of a sinusoidal waveform at> a frequency of 
about 300 Khz to 3 Mhz is supplied with a current of about 
0. 1 to 4.0 amps. The generator 70 is turned on by a user 
operated switch 42., The user operated switch 42 pro- 
vides a signal to the oontrotter 79 to turn on the energy 
The output 129 of the controller is coupled to an analog 
switch 1 30. When output 1 29 provides an •BF on* signal 
to the switch. 1 30. an oscttartor 72. coupled to an analog 
rmjtbp&er 75 through the switch 130. supplies a voiage 
: of a known frequency to the analog muftipfeer 75. The 
output of the analog multiplier 75 is coupled to a driver 
76 which is coupled to the input of an RF ampfcner 71. 
An amplified RF signal is supplied by the generator 70 
to a circuit 80 which irx*udes the first electrode 39 and 
second electrode (anvil 1 6) of the instrument 10. and 
the tissue 43 to be treated by the instrument 1 0. 

The current and voltage delivered to the tissue is 
measured and an RMS current (1 RMS *> and an RMS volt- 
age (*Vrm S ") is determined. 

A voltage and current sensor 81 senses the current 
and voiage delivered to the tissue. The voftage and cur- 
rent sensor 81 includes a low impedance current trans- 
former 82 in series with the generator 70; and a high* 
impeaance voltage transformer 83 connected in paraftel 
across the generator 70. Preferably the current trans- 
former 82 has. tor example, a 1:20 winding ratio and a 
SO ohm resistor in parallel with the secondary of the 
transformer Preferably the voftage transformer 83 has. 
tor example, a 20:1 winding ratio and a IK ohm resistor 
in paraftel with the secondary of the transformer. 

The output of the current transformer 82 is couotad 



to an RMS convener 84. The RMS converter 84 converts 
the sensed current to a DC signal to provide output 86. 
representative of Irm 5 . The output of the voltage trans- 
former 83 is coupled to an RMS convener 85. The RMS 

5 convener 85 converts the voltage signal into an DC sig- 
nal end provrte output 87, representative of V RM9 . 

The measured impedance. 2. is then calculated 
from the measured l* us and V*us The outputs 87. 85 
of V RMS and I * us are supplied to an analog divider B8 

to which divides the Vrm S by the current Ir^ to provide 
an output signal 89 representative of the measured Im- 
pedance. Z. 

From the Ip^o. V^us and measured impedance. Z. 
the impedance monrlonhg device determines whether a 

is short circuit or open csxuftoondB^ne^teta»w|ietheTvoft« 
age and current has been delivered for an amount of time 
exceeding a predetermined maximum, and whether co- 
agulation ts complete. 

A short circuit condi ti on is determined by comparing 

2* the measured impedance. Z. to a predetermined short 
circuit impedance threshold at or below which short cir- 
cuit is likely to exist ("Zsc*)' W the measured Z is at or 
below the Z^, a short circuit signal is provided to the 
controller. 

2s The impedance signal 89 Is input to a ertofl cireutf 
detector 90 comprised of a comparator The positive in- 
. put 92 of the comparator is connected to a potentiometer 
93 which sets the threshold impedance. Z^ When the 
irnpedance sigjwil 89 causes the input at the negatve 

30 kypui 94 of the comparator 91 to be lower than that at the 
positive input 92. an "on" condition occurs at the output 
.95 of the comparator 91: This condition is cofTirTXjntcated 
to a tog* controfer 79 which provides a prepro gra mmed 
insttument response, which, in this embodfmertt, in- 

m eludes turning oft RF energy. 

An open eweuft condition exists if there is a voltage 
between me electrodes 18. 39. and no current An open 
circuit is determtned as follows: If the V nus is above a 
predetermined minimum threshold indicating a VoMege, 

40 v tw»»h* a^d ths Ifuuo is betow a predetermined mmimum 
current threshold indicating a current then en 

open circuit signal is provided to a controller: 

A current freehold detector 1 06 includes a potena- 
ometer 107 coupled to the negative input 108. The po- 

*s tentiometer 107 sets the 1*^* level so thai when a cur- 
rent is present, the current detector 106 wtB indicate as 
such. The tftua signal 86 is connected to the possive in- 
put 109 ol the comparator 106. Thus, when the lajyis * 
greater than the value. 1**^** set by the potentiometer 

so 107. a positive voltage appears at the output 110 ol the 
current threshold detector 106. 

SvTutarty. a voltage threshold detector 113 incaides 
a potentiometer 11 4 connected to the negative input 11 5. 
The potentiometer 114 sets tie voftage threshold at 
55 which the threshold detector 113 registers a po«4rve out- 
put. Van,* when a minimum voltage is present The 
Vrejs signal is input to the positive input 116 of Ihe 

threshold cJotaetor 113 Tho«. r# the w"* * **** 



32 23 97 :2: 10 PEEuFhX - 91415325305? 



EP 0 703 461 A2 



10 



V*mh set by the potentiometer 114. a positive voltage 
wiii appear at the output 11 7 ol the voltage threshold de- 
tector 113. 

The output 117 of the voltage threshold detector 1 1 3 
is etso coupled to an AND gate 111 and the output 110 
of the current threshold detector 1 06 is coupled to an in- 
verted input 112 of the AND gate 111. The AND gate ill 
acts as an open circuit detector. When the exceeds 
the and where the Ifuo does not exceed 

a logic 1 wHJ appear at the output 120 of the AND gate 
111 indicating an open circuit. The output 1 20 of the AND 
gate 111 is coupled to the controller 79 to communicate 
tne open circuit status. 

If current or voltage is suppled an extended period 
of time and a coagulation complete condition has not 
been. detected, it may indicate, tor example, that the in- 
strument is not clamped on tissue or that a malfunction 
has occurred. If the V rtMS is above the predetermined 
v sv»»h or 1h * l «we ■» above **m*» *hen a timer ts turned 
on. If the timer is on tor a period of time greater wian a 
p€9d»\9ra\inmd maximum amount of time, T m „. then a 
time over signal is provided to the controller. If the dura- 
ton of the tsner on «s not greater than then the de- 
vice continues to supply current to the tissue and con- 
tinues to measure current voltage and impedance, etc. 
as described above. 

The output 1 1 0 of the current threshold detector 1 06 
is coupled to an OR gate 1 18 which is coupled to a timer 

121 . II the 1^ exceeds the l*^. the output 110 of the 
current threshold detector 106 wtfi present a logic 1 to 
the OR gate 11 8 which witt then tum on the timer 1 21 . 

Similarly the output 117 of the voltage threshold de- 
lector 113 b coupled to the OR gate 118. If the is 
exceeded by V***. the OR gate 11 8 wilt present a logic 
1 at its output it 9 and turn on the timer 121. The output 
123 of the timer 121 i» coupied to the controtter 79. When 
the umer 121 has been activated for an amount of time 
that exceeds a preset threshold time. T^. the output 
123 w* be a logic 1. The timer is reset wHh the user ac- 
tivated switch 42 which is coupled to the timer reset input 

122. when the instrument 10 is reset 

A coagulation complete condition is determined as 
fdsows: First. 7 WUW is determined. Then, a target xnped- 
ance at which coagulation is complete. 2^^. a caicu- 
lated as a f unction of the minimum impedance. The initial 
impedance, Z^. Z^, slope of the impedance curve, 
and time to complete may vary for a given application 
and/or instrument, but tend to correlate to a 1 unction of 
minimum impedance. Depending on the instrument used 
and/or the> actual dessed result the actual function of 
mvwnum impedance may vary. In this particular embod- 
iment f(Z^) is shear: ffZ^.J = 0.2Z * 500 This function 
is bound, i.e.. where 7 mm t* > S60 ohms, then Z^, is 
* SO ohms. ttZ^) may be a drferent function. II 
may be continuous, non-continuous. Kneer, non-linear, a 
piecewise approximation and/or in the form of a look-up 
table. HZ^) may also be bound at different values. 

Tne impedance signal 8g « used to determine Mssue 



coagulation as fofiows: First, a determination is made 
whether the measured 2 is a minimum impedance. Z^. 
The impedance signal 89 is inverted and offset by a ga*i 
offset inverter 96. The output of the gain offset inverter 
5 96 is in turn ts coupled to a pea* detector 97. The output 
102 of the gain offset inverter is representative of an in- 
verted and offset measured Z. i.e.. (-2+k). will now 
be Ihe highest offset value of (-2 ♦ k) encountered. 
The peak detector 97 thus detects and holds the 
to highest value of the inverted and offset measured imped- 
ance, 2. which is Z^ When Z^ has occurred, the out- 
ptf I03ofthepeekcietecior97ttrep 
* +k) RF energy is continued to be applied to the tissue 
and the monitoring for short circuit open circuit and time 
15 over as weH as looking for a Z^ continues until a 2 is 
equal to Z,^.,. 

When the Z^ has been determined; function of the 
2^. (i(? naa » is calculated to provide a impedance, Z^,. 
^ at which treatment (coagulation) Is completed The 
20 output 103 of the peak detector 97 is coupled lo a thresh 
old determining circuit 98 which calculates the function 
of 2^ to determine the The output 99 ? of the 

threshold determining circus b representative o4 Z^^ 
when me measured impedance is equal toZ^. 
25 A continuous comparison is made between Z and I 
(Z^ «shc**ld be noted hem thattfZ^ 
calculated as f(Z) unti a 2^ is detected: The compari- 
son is continuously made between Z and f(Z) uhtl Z^ 
ts deterfTHned. This does not have a significant conee- 
30 quence. however, because k is entsc*>sted that f <Z) wiH 
be larger than Z during tissue treatment and a premature 
coagulation complete signal therelom w# not occur. 

rtmeaturedZbW^thanor eo^ltoiheZ^^th^ 
RF erieryy is continued to be suppled and steps de- 
35 scribeaaifcweafece^ 

vided to the controser mat there is an open circuit signal, 
short cscuit signal, a time over signal or a coagulate 
complete signal, ft the measured Z is greater than or is 
equatto-Z^^thena signal is provic«tothecc*rtroller 
do that coagulation has been completed. Again * is noted 
that m misemtxdiment, Z has oeen inverted and shifled 
in order toaccctimwc^eZ^oetemsru^ 
detector 97. The impedence values referred to in this 
paragraph are the actual impedance values 
4S The output 99. 2 vaf99P of the thresrx** determining 
circurt 98 is coupled to the positive input 101 of a com- 
parator OP amp 100. The output 102 of the gain offset 
inverter 96 Is coupled to the negative input ids of the 
comparator lOO; The comparator 100 compares me -Z 
so > * representative value which is input to the negative 
nput 104 of the comparator 100. to the 2^ mt represent- 
ative value which is calculated as a function of -2 f »» ♦ k 
rt -Z *kis less than or equal to the Z,^^ the comparator 
output 105 wiH be poeiUve. That is, if the measured 2 is 
ss greater man tfZ^, a coaptation complete signal will 
appear at the output 105 of the comparator TOO. 

Asignalis provic^toacc«trollerloreachcorvJrtic<> 
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the existence of one or more of these conditions the RF 
energy is automatically turned off by the controller. Fig. 
11 illustrates the system logic of the controller 79 The 
controller 79 includes a short circuit input 1 24, a coagu- 
lation complete input 125. an open circuit input 126 and 
a tvne out input 127. as well as a reset input 120. The 
cont/oser 79 also includes a RF control output 1 29 which 
switches on anoVor off the RF generator delivery d elec- 
trosurgical energy to the tissue. As long as the output 
129 is a logic J. the RF is on. The output 129 is a logic 
1 whan coagulate complete 125. time out 127. short Cir- 
cuit 124. the open crcu* 126 and the reset input 128. 
are aflat a tog* *0M1 any one or more of the^uts 124. 
125. 126. 127i 128areatalog«;rmeRFcontioloutput 
129 is a logic "0* and the RF is turned off 

A preferred embedment provides a control device 
which controls the generator energy output based on 
load impedance. The load tnpedance is used to deter- 
mine a preferred energy, level, e.g., voltage, current or 
power level, based on a specie system load curve for a 
generator, instrument anoYor application. The control de- 
vice then compares the actual energy level for the meas- 
ured impedance with the desired energy level and ad- 
justs the generator output accorojng tp the djflefence be- 
tween the two, i.e., preferably to minimize the difference, 
between the two. 

The spec Ac load curve preferably reflects the votl- 
age. current., power, for.a range ^ win; 
optimize performance of the instrument The toad curve 
may have various forms, for example, it may be contin- 
uous or may be stepped. The toad curve may vary from 
generator to generator, for a particular instrument in use 
with the generator, or for a particutar eleeirosurgical ap- 
plication of the generator. For example, in a one embod- 
iment using an instrument, such as described herein, 
three impedance ranges have been identified at which 
different energy requirements exist: Initially tissue im- 
pedance is in a lower range, e g.. appfoxrnately 20 to 
100 ohms. In the tower ranges, more current is required 
to provide enough power to initiate tissue coagulation. A 
second, mid-range erf. impedances, e.g. approximately 
100 to 500 ohms, requires enough power to maintain the 
coagulation process. A third range of higher vnpodances 
typically occurring towards completion of coagulation, 
e g. approximately 500 ohms and above, requires the 
voltage be limited to prevent sparking and tissue sticking. 
Thus the system load curve in this embodiment would 
reflect both the inherent characteristics of the generator 
and voftago output at which optimum power is delivered 
for a particutar vripedance. as well as the specific power 
requirements tor a predetermined instrument and a pott- 



ages within a desired range based on a toad impedance 
ftt to a specifto load curve. 

The impedance 89 is fed to a function fitting device 
61. The output 64 of the function fitting device 61 repre- 

s sents a desired voltage based on the input impedance 
69. This desired voltage function is the voltage required 
for the generator 70 to produce a particutar. ore-deter- 
mined toad curve. Desired voltage output 64 along with 
actual voltage is fed into an error amplifier 62. The output 

to 65 of the error: amplifier 62 represents an error voltage 
which is fed into an analog multiplier 75 through a diode 
77. 

Alternatively, current, power or another energy pa- 
rameter may be used to control the output of the energy 

is source or generator 70. A signal corresponding to m~ 
pedance of the target is input nto the function fining do- 
vce which provides a desired currents power or other en- 
ergy parameter output, which is then compared to the 
measured or calculated current power or other energy 

20 parameter. .. . - . 

The diode 77 ensures first quadrant operation of the 
analog mutopHer 75. The analog multiplier 75 functions 
as an amplitude modulator of oscitt at or 72 such that targe 
... error voltages at output 65 result in targe outputs from - • 

2S RF amplifier 71. And smai error voltages of output 65 
resuft in smaller FF output from RF amplifier 71. Thus, 
generator 70 acts as a ctosecMoop servo system based 

. . on voltage such that a desired toad curve b obtained. 
The toop compensation device 63 acts to stabilize the 

30 servo toop. If an electrical pararr^er other than voftage 
is used, the form fining function preferably outputs a sig- 
nal reflecting the difference in me aJtomative energy pa- 



Reierhng to Fig. 10. a generator with a servo toop 
control device, is iflustretedL The impedance signal 69 
and the voftage V signal 07 are fed back to the gen- 
erator 70 through a control device which comprises a 
function fitting device 61 and an error amplifier 62. The 
control device ca us es trie oenerator 70 to i 



Referring now to Figures 6-9 a flow chart Mustrates 

3S a method for carrying out a microprocessor controlled 
embocSment of the present invention. When the system 
is turned on (block 200). the variables including Z^, 
v eme*c<e M s«h* Mf?to over, and Z**^ are Initialized (block 
201). The system continues to took for the activation of 

40 the RF switch (block 202). When the RF switch is turned 
on, the interrupts are set for RF Switch (block 203), tor 
Short Circuit (block 204), and Open Circuit (btock 205) 
so that when one of these interrupt conditions occur, the 
microprocessor autcmaucatty goes to the instructwns 

45 associated with btock 234. ^ ^ 

After the interrupts are set. the timer is started (block 
206). A sequence is run to check the RF amplifier health 
(block 207). e.g.'; to look for an Amplifier On signal or to 
check If certain votages are in a suitable range. It the 

50 amplifier is operating property, RF energy is turned on 
(btocks 208 and 209). 

If the amplifier is not operating correctly, an RF Off 
request is made (btocks 209 and 210) and a Hardware 
Failure Alert flag is set (btock 211). The system looks for 

ss a hardware taxvre flag (btock 233). When the hardware 



failure alert indication and shuts off: (blocks 243 and 



2*e> 



02x2s -97 12: 12 REEDFAX 914153253057 



NO. 188 



13 



EP0 703 461 A2 



14 



If hardware failure is not sidicated (block 233), man 
andl^is road (block 235) to determine tf any volt- 
age or current is being supplied by the system (block 
236) When the system is first initialized, until the instruc- 
tion to turn on energy in block 209 is reached, there 
should be no current or votage II there is a voltage or 
current with the HF request oft. then there is a hardware 
failure. A hardware faiure eJert is indicated and the pro- 
gram is stopped ( blocks 243 and 244) 

11 RF energy to turned on (block 209). then the V, m . 
and lflM are reed and the impedance. Z. is calculated by 
dividing the by the 1^ (block 21 2). The controller 



checks to see 9 the V, 



•MM 



and 



flags are set. 



(block 21 3). These flags are set when a mm*num thresh- 
old voltage is present wkJ a minimum threshold cuner* 
is delivered through the electrodes of the device, (blocks 
214. 215. 216. and 217): 

If the V^,^ and 1.^. nags ate set (213) the sott- 
» ware looks tor a tane over condition to determine if the 
device has been on lor a period of time in excess of a 
maximum If a time over condition U recognized. *e l*n- 
oer flag is set. RF energy is turned off {blocks 218 and 
219>and a hardware 1a*ure check is run (block 233). 

After looking for a time over condition, the controller 
chockerfor e short circuit or open circuit condition. II a 
short or open circuit exists, the corresponding short cir- 
cuit or open circuit bit is set (block 220). RF energy is 
turned off (block 221). and a hardware failure check is 
run (block 233) 

The controller checks again for V #ftaM , and \ 9mtM9 «n 
block 222. before proceecing to me mreariold determin- 
ing portion of the circuit i»us1ratedinFig. ft Ifthevosage 
or currtnt did not exceed or in blocks 214 

and 216. the controller iterates the sequence beginning 
at block 212 for detecting time over, short circuit, open 
circuit. i.e.. the coagulation complete detection enable 
This enables the device to wait unt* er»ugh conert arid 
voltage n deftvered to the cscuct to check for the coagu- 
lation complete condition 

r "tithe v |nMltt and l.,^* flags are set. the short circuit 
and opencxcuit bits are not set (block 220). and the time 
over condition does not yet exist (block 219); the meas- 
wertimpedance used to determine if coagulation is com- 
plete as follows. 

The 2 vrtiaJ flag is set during me first iteration and 
is inaiatty assigned the measured impedance value 
(blocks 223*225). Inrtoasy. is the earns as the meas- 
ured inpedance and thus block 227 is bypassed at block 
226. A calculation is made of ffo™) (btack22B). As long 
as the measured impedance is less than the flZ^). the 
sequence is iterated (229. 231). In the next iteration of 
blocks 223-231 . the newly m eas ur ed impedance is com- 
pared to the previous measured impedance which has 
been assigned Z,^ (bteck 226). As long as *e imped- 
ance is decrees'** 2^ wei be reassigned »>o new val- 
ue of the measuredrmpeo^r^ 

the steps repeated When the measured irnpedance is 

or*al*r man or mu»I lo t(Z_..V « a threshold ««■>•«*- 



ance. the coagulation complete flag is set (block 230) It 
coagulation complete flag is set, the RF is turned oil 
(block 232) and the hardware failure check is run. 

If after the initial run through the program a hardware 
5 failure alert occurs (block 233. 236) or an interrupt oc- 
curs, the program determras the cause and indicates 
as such (blocks 233-242). The V^. and U. are read, 
(block 235) It no current, or voltage b being delivered lo 
the system, the controller checks to see I the open cir- 
i* cuit. short cecua or time over flags have been set (bfock 
237). Msothenaeigr>eJindiealeswn^ 
set. and the program is returned to start (blocks 240. 
242). Similarly, the controfer checks for the coagulation 
complete flag (block 239). M there was the coagulation 
complete flag has been seC * w* be indicated for ten 



TS 

seconds (Wock24i >. if not. it wlH be indeed as not com* 
plete (block 240) and to* program wilt return to point at 
the start (block 242). Preferably the electrical compo- 
nents selected to carry out the steps of Figs 6-9 are 
20 adapted to provide a complete iteration of ei the steps 
at least every 1/50 second: 

Referring now to Figs. 1-5 there is illustrated an in* 
ttrument to be used In conjunction with the impedance 
feedback device of the present invention. An erxJoscopic 
2$ linear cutting and stapling instrument 10 is sftown having 
a housing 1 6 coupled to a shaft 30 with a ^I^fnen extend- 
ing therethrough anrf an end ellectorl^ 
the distal end of the shaft 30 Tne end effector 15 com- 
prises first and second elements which are comprised of 
30 interlacs^jawmernbera 

abfy secured to jaw member 34. The housing 16 has a 
damp«g triggeM2 for closing jaw members 32, 34 Jaw 
members 32. 34 are sftown m an unctamped pceition in 
Fig. 2. m a ciamped position prior to instrument liring in 
9S Fkj.aandin aciamfjedpc«rtkjnan^m^ 
inFig.4. 

Jaw member 32 cwnpriaee an anvil 18. U-shaped 
electrode 39 extends^ along the length >«* the jaw 32. 
and a U-shaped mutating material 31 surrounding ths 
*o ouuxM of the electrode 39. Jaw member 32 rtas an inner 
surface 33 which faces an inner surface 35 of jaw mem- 
ber 34. The U-shaped electrode 39 c 
trically conxTOrvcating electrode bars 27. 28 forming a 
first pole and located on and extending substantially 
*s along the length* the inner surface 33. The U-shaped 
electrode 39 is comprised of a conoSictor. such as. alu- 
minum or surgical grade stainless steel. TOe bars 27. 28 
are separated by a knfle channel 29 extending longitu- 
dinaBy through the midde of the electrode 39. Pockets 
so 36 located on am* 18 for receiving staple ends are lo- 
cated along the inner surface 33. lateral to and outside 
of bars 27. 28. The electrode bars 27. 2fii and insulating 
met* rial 31 form a ridge 56 extending out retetwe to an 
anvil portion 37 of the inner surface 33 (Fig. S\ The elec- 
ts vode39actsaaafirstpolec4a bipolar 

18 is tormed of an electricaiy cxxxJuctWe material and 
acts as a sacond pole of the bipolar system. electricafly 

oooocM to »K* Srxt ool* TK« »Ohr'- "~ 
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tated from the electrodes by the U-shaped insulating ma- 
terial 31 

Bipolar energy may be supplied to the end enactor 
15 from electrosurgicaJ generator 40 (fig. 10) through 
wires 19.20 extendiog into the body 16ot the instrument 
The generator 40 is user controfled by way of swnch 42 
- (fig, 10). Wire 19 provides electrical current to the elec- 
trode 39 through electrical contact means extending 
through shaft 30. Wire 20 carries a current to the anvil 
18 and is coupled to the anvil 1 8 through an electrical 
contact means extending through the shaft 30. The elec- 
trical cwcuS is closed when and only when me clamping 
trigger 12 is dosed. A means of connecting the we to 
the corresponding electrode as welt as instrument actu- 
ation means are described in parent a p pl i cati on S.N. 
OBA095.797. incorporated herein by reference. 

Jaw member 34 comprises a cartridge channel 22 
and a cartridge 23 inserted into the cartridge channel 22 
Thecartr^23kv:)uc*tm\mck2Skxw*c>9* 13. a knife 



o< ths cartridgs 23, a senes ol O/rvers 24 sxt*ndr>g into 
the track 25 arid staples 1 7 arranged in two sets of par* 
aBel double rows. When tissue » engaged between 
clamped jaw members 32. 34. a firing trigger 14 located 
on housing 16 may be actuated to aoVance a cutting et- 
ement It through the engaged tissue to cut the tissue 
S»nunaneously. when the firing trigger 14 is actuated; 
the wedge 1 3 is advanced mrough the track 25 causing 
the drivers to 24 to dsptace towards the staples 17. 
thereby drivsig the staples 17 mrough 'tissue and into an* 
vfl pockets 36. 

In operation, trie end eflsctor 15 of fie instrument is 
located at a tissue site where tissue « to be treated The 
jaw members 32. 34 ; are opened and tissue is men 
placed between the rserfacing inner surfaces 35. 33 re- 
spectrvefy of jaw members 32; 34. TTne cla mpi ng trigger 
12 » squeezed to cause the jew members 32. 34 to doe* 
to locate and compress tissue between, the interfacing 
inner surfaces 33, '3$. The closure of the ctampetg trigger 
12 also closes the ele ctri c al circurt When the tissue has 
been appropriately situated b etween the jaw members 
32. 34. a user may apply RF energy from the generator 
40 using a user activated switch 42. Current flows 
through the compressed tissue be t wee n the electrode 
39. Le. the bars 27. 28. and the amril ta 

Alter the RF energy is turned off, the controller indi- 
cates the instrument st a tus , e.g.. open circus, short or* 
cult, coagulation complete, time over. If the coagulation 
complete status ts indicated, the firing trigger 1 4 may be 
actuated to advance cutting element tf trough knle 
channels 2fe, 29 to cut engaged tissue between the bars 
27. 28 where the tissue has been cauterized Simultane- 
ously, the firing trigger 14 aovances the wedge 13 
through treck 25 to aovance onvers 24 to fire staples 17 
through tissue and into pockets 36 of the anvil 16- Thus, 
the cut tone is lateral to the coa g ulation tones formed by 
the bar electrodes 27. 28 and staples 17 are applied into 
tongmidinaey double rows on each side of toe cuttino el- 



ement 1 1 as the cutting element 11 cuts the tissue. 

The invention described and ths specific details and 
the manner in which ft may be carried out having been 
exemplified it will be readily apparem to those skiBed In 

S the art that innumerable venations. nxxJalcations. and 
extensions of the basic principles involved may be made 
without departvig from tie spirit and scope of the present 
invention. The impedance feedback system as de- 
scribed above is used to indicate when sufficient cauter- 

r 0 izaoon has occurred. When coagulation ts complete, a 
signal may be provided by a cont r o ll er to a user, or a 
ca muter may automaticaiy turn off the RF energy. Oth* 
er signets may be provided to an instrument ueer as wel. 
For e xam ple a tone corresponding to the measured ton- 

»i pedance may be p rovided to e user to audtory monitor 
the change in im pe da n ce . 

tt is also intended that this device enoVor method be 
used with numerous types of electrosurg>caJ instrurnents 
including mo n opolar, bi p o la r arid multipolar configure- 

ift oons^Th»jmped 

in part or in whole with the actual instrument, as a sep- 
arate unit ancVor wtth the energy source or generator. 



. .f *-- A control device comprising^ . 

vnpedance measurernent circuitry ada^ed to 
be coup^ to tissue-contact^ 
30 ated with a tissue-treating portion of a surgical 
instrument and to an energy source adapted to sup* 
pry therapeutic elMbmiro^.sneigy to e^U elec- 
trodes; and «. 

en energy control efgneJ adapted to control RF 
* energy supptoed from said energy source to said 



wherein said fenpedance r ea s ses smen t cir- 
cuitry is adapted: 

to measure the impedance of tissue engaged 
by said tissue-treating portion of sax* surgical Inetru- 



todeterrrane a minimum impedance value; 

to determine a target impedance value as a 
function of saJdmsiimum I mpe da n ce value; 

to compare measu red impedance vakjes to 
said target impedance value; and 

to after said energy control signal when seid 
measured i mp e dance value suc ce e ds said target 
impedance value. 

2. Tt>e contic* device of claim 1. wrierein said imped- 
ance measuring circuitry includes: 

a first device for detemwung the minimum 



i eecond device coupled losaid first device tor 
detemtining tie target impedance value as a func- 
hon of said minimum i 

aSUftfilmiBAloreoMfM 
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ance values to said target impedance value and for 
generating a signal indicating whether said meas- 
ured impedance value exceeds said target roped- 



A control device adapted to be coupled to an energy 
source for providing etectroeurgical energy to tissue 
to be treated, the control device comprising: 

a first input for receiving at least one of a first 
signal representative of voltage delivered from said 
energy source to said tissue and a second signal 
representative of current delivered from said energy 
* source to said tissue: 

a second input for receiving a third signal rep- 
resentative of a target impedance for said tissue on 
the energy source, determined from the first and 



a function fitting device for providing a fourth 
signal representative of desired energy output 
according to a system load curve, me fourth signal 
corresponding to desired energy output for tie tar- 
get load impedance represented by the third signal: 

wherein said control device is adapted to: 

control energy output by me energy source 
based on the third signal representative of the load 
impedance; and 

control the energy source to bring elect rosur- 
gical energy delivered by the energy source to the 
target within a range of desired energy outpt* based 
on said system load curve. 

The control device of claim 3 which includes a com- 
parison device for comparing said fourth signal, rep- 
resentative of desired energy output, to at least one 
of said first and second signets, eaid comparison 
device being adapted to provide a control signal tor 
controlling tax! energy source. 

'The control device of claim 4, wherem said control, 
signal represents a difference between said fourth 
signal and said at least one of said first and second 
signals. 



A generator for providing etectrosurgica! energy to 
an electros urgjcal device, said generator comprts- 45 
mg: ■ 

an electrosurgtcal energy source lor providing 
electros urgical energy to said eiectrosurgicat 
device: and 

a control device according to any one of claims 50 
itoS. 

wherein the control device is arranged to con- 
trol the output of said energy source. 

An eiectrosurgicat device for treating tissue during 55 
a surgical procedure, the etectrosurgtcaJ device 
comprising: 

etectrieeSy isolated firs! and second elec- 



trodes adapted to contact tissue to be treated and 
to cause electrosurgrcal energy to be conducted 
between said electrodes through said tissue: and 

a control device according to any one of claims 
5 i to 5. 

wherein the control device b adapted to con- 
trol the output of said eiectrosurgicat energy 
between said electrodes. 

to e. An el octros urgical device for treating tissue during 
an electrosurgical procedure, the eleclrosurgical 
device comprising: 

etectncatty isolated first and second elec- 
trodes adapted to contract tissue to be treated and 
is to cause etectrosurgical energy to be conducted 
between said electrodes through said tissue: 

an eJectrceurgicaf energy source for providing 
said electrosurgical energy to said electrodes: and 
a control oayice according to any one of darns 
20 itoS. .' . o 4 \ 

wherein said coritrol device is arranged to con- 
trol the output from said eiectrosurgicat energy 
source to said electrodes. 

25 9. The eleclrosurgical device of claim 7 or 6. wherem 
said first electrode is located on one of a first and a 
second element and wherein said first and second 
elements are movable relative to each other for 
engaging tissue therebetween. 

36 " . ,'. 

10. The e^rosurgical device of claim 9. wherein said 
second electrode is located on the other one of eaid 
first and second elements. 

35 it. The electroeurgjcal device of claim 9, wherein: 

said .first and second elements each com- 
prises an interfacing surface for engaging tissue to 
be electrosurgicafly treated. 

said first and second electrodes each com- 
40 prises one or more electrode elements located on 
said interlacing surfaces: and 

said first and second electrode elements are 
offset from one another with respect to said Interfac- 
ing surfaces. 
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